Closely related species can exhibit different behaviours despite homologous neural substrates. The nudibranch molluscs Tritonia diomedea and Melibe leonina swim differently, yet their nervous systems contain homologous serotonergic neurons. In Tritonia, the dorsal swim interneurons (DSIs) are members of the swim central pattern generator (CPG) and their neurotransmitter serotonin is both necessary and sufficient to elicit a swim motor pattern. Here it is shown that the DSI homologues in Melibe, the cerebral serotonergic posterior-A neurons (CeSP-As), are extrinsic to the swim CPG, and that neither the CeSP-As nor their neurotransmitter serotonin is necessary for swim motor pattern initiation, which occurred when the CeSP-As were inactive. Furthermore, the serotonin antagonist methysergide blocked the effects of both the serotonin and CeSP-As but did not prevent the production of a swim motor pattern. However, the CeSP-As and serotonin could influence the Melibe swim circuit; depolarization of a cerebral serotonergic posterior-A was sufficient to initiate a swim motor pattern and hyperpolarization of a CeSP-A temporarily halted an ongoing swim motor pattern. Serotonin itself was sufficient to initiate a swim motor pattern or make an ongoing swim motor pattern more regular. Thus, evolution of species-specific behaviour involved alterations in the functions of identified homologous neurons and their neurotransmitter.
INTRODUCTION
Homologous structures in closely related species tend to have similar functions presumably because evolution builds upon pre-existing structures. This is particularly true for complex structures such as the brain, in which changes to one component might have consequences for interconnected components. There are numerous examples of changes in the less constrained periphery that are compensated for by the central nervous system. However, there are fewer examples of changes in central circuitry that underlie phylogenetic differences in behaviour. The presence of identifiable neurons in invertebrates provides the opportunity to examine how phylogenetic differences in central circuits can underlie species differences in the production of behaviour.
There has been much speculation regarding the nature of evolutionary changes to the nervous system that underlie the production of species-specific behaviours (Dumont & Robertson 1986; Kavanau 1990; Arbas et al. 1991; Smith 1994; Tierney 1995; Nishikawa 1997; Katz & Harris-Warrick 1999; Wainwright 2002 ). There are well-documented examples of species differences in sensory systems (Shaw & Meinertzhagen 1986; Shaw & Moore 1989; Boyan 1993; Mizunami 1995; Buschbeck & Strausfeld 1997) . There is also much support for respecification of motor neurons (Sillar & Heitler 1985; Paul 1991; Katz & Tazaki 1992; Wright 2000; Chiang et al. 2006 ), brain nuclei (Heiligenburg et al. 1996) and entire brain regions (Karten 1991; Krubitzer 1995; Catania et al. 1999; Catania 2000; Kaas 2004 ). In most cases, the functions of homologous brain components do not differ qualitatively, but rather quantitatively. This leads to the question of whether homologous neural structures can have significantly different functions.
This question can be addressed using invertebrate systems, which contain individually identifiable neurons. Homologous neurons can be identified across species, allowing their behavioural functions to be assessed (Sakharov 1976; Weiss & Kupfermann 1976; Pentreath et al. 1982; Croll 1987; Paul 1991; Katz & Tazaki 1992; Bulloch & Ridgway 1995; Katz et al. 2001; Murphy 2001; Sintoni et al. 2007) . In this study, we examined the functions of homologous neurons in two nudibranch species within the suborder Dendronotoidea that exhibit different swimming behaviours: Tritonia diomedea and Melibe leonina. Tritonia swims by alternately flexing its body in the dorsal and ventral directions ( Willows 1968; Hume et al. 1982) , whereas Melibe swims by flexing its body laterally, from side to side (Agersborg 1919 (Agersborg , 1921 Hurst 1968; Watson et al. 2001; Lawrence & Watson 2002) . These behaviours differ in a number of other fundamental ways. The Tritonia swim is a high-threshold escape behaviour that is produced in response to only a few types of stimuli ( Willows 1967) . Although the Melibe swim also functions as an escape response, it can occur spontaneously with no obvious stimulus, as a result of the animal simply being dislodged from the substrate, or in response to a decrease in ambient illumination ( Watson et al. 2001; Lawrence & Watson 2002; Newcomb et al. 2004) . Furthermore, whereas a Tritonia swim episode lasts for less than a minute (Hume et al. 1982) , an episode of Melibe swimming can last for up to an hour (Mills 1994; Lawrence & Watson 2002; Caldwell & Donovan 2003) . Thus, although both animals swim, these motor behaviours differ regarding a number of fundamental qualities.
The neural bases of the two behaviours are also distinct. Neurons comprising the central pattern generators (CPGs) for these two rhythmic behaviours have been identified (figure 1; Getting 1981 Getting , 1989 Thompson & Watson 2005) . The neurons in the Tritonia swim CPG are not homologous to the neurons in the Melibe swim CPG . Furthermore, the CPGs are organized in fundamentally different fashions; in Tritonia, contralateral counterparts are electrically coupled, producing left-right synchrony (figure 1a,c), whereas in Melibe, they are reciprocally inhibitory, producing left-right alternation ( figure 1b,d ).
The dorsal swim interneurons (DSIs; neuronbank.org/ Tri0001043) are serotonergic neurons (Katz et al. 1994; McClellan et al. 1994) that are members of the dorsalventral swim CPG in Tritonia ; figure 1 ). The DSIs are both necessary and sufficient for initiation and maintenance of the Tritonia swim motor pattern: hyperpolarization of the DSIs can halt an ongoing (Getting 1989) . Contralateral counterparts are electrically coupled to each other (Getting 1981 and through pedalpedal commissure 1 (PP1). The location of the other two bilaterally symmetric swim CPG neurons (grey circles) are also indicated. C2 is located on the dorsal surface of the brain, whereas VSI-B is on the ventral surface. Outline of the brain and DSI projection pattern were traced from an actual brain. ( f ) The Melibe CeSP-A neurons are homologous to the Tritonia DSIs. In Melibe, the CeSP-A neurons (black circles) resembled the Tritonia DSIs in several identifying characteristics, including number, soma location and axon projection pattern swim motor pattern , whereas activation of the DSIs can initiate a swim motor pattern ( Fickbohm & Katz 2000; Frost et al. 2001; Katz et al. 2004) . Similarly, the DSI neurotransmitter, serotonin (5-HT), is also necessary and sufficient for initiating a swim motor pattern; application of 5-HT can initiate swimming in the animal and the swim motor pattern in the isolated nervous system, whereas the 5-HT antagonist, methysergide, can prevent the animal from swimming and prevent the production of the swim motor pattern in the isolated nervous system (McClellan et al. 1994) .
We have recently identified homologues of the DSIs, which we named the cerebral serotonergic posterior-A (CeSP-A, neuronbank.org/Mel0002248) neurons, in the lateral swimming Melibe . The CeSP-A neurons were concluded to be homologous to the DSIs based on a suite of characteristics that uniquely identify these neurons from all other neurons in the nervous system, including soma location and size, number of neurons, axon projection pattern (figure 1e, f ), serotonin immunoreactivity and synaptic connectivity. Furthermore, CeSP-A neurons have been identified using these criteria in six other Nudibranchia ( Tian et al. 2006; ) and even in more distantly related opisthobranchs ( Jing & Gillette 1999; Katz et al. 2001) . Thus, these serotonergic neurons are highly conserved in a wide array of opisthobranch species and therefore provide an opportunity to compare the functions of homologous neurons between species with different behaviours.
Here, we examine how the CeSP-A neurons and 5-HT in Melibe interact with the swim CPG for lateral flexion swimming and how these interactions compare with the functional effects of the Tritonia DSIs in dorsal-ventral flexion swimming. We found that the Melibe CeSP-A neurons play a different role from the Tritonia DSIs; they are not part of the lateral flexion swim CPG and are not necessary for the production of the swim motor pattern, but their activity is sufficient to elicit the swim motor pattern. This suggests that the evolution of neural circuits underlying swimming behaviours in these species involved divergence in the function of homologous neurons and their neurotransmitter, 5-HT.
Some of this work has been reported in abstract form (Newcomb & Katz 2003 .
MATERIAL AND METHODS
(a) Animal collection and maintenance Adult M. leonina (5-10 cm) were collected from the dock at Friday Harbor Laboratories, Friday Harbor, WA, USA and from subtidal eelgrass beds at nearby Shaw Island, WA, USA. Additional specimens of Melibe were collected by Living Elements (Vancouver, BC, Canada) at the Indian Arm extension of Burrard Inlet in Vancouver Harbour.
Animals were kept either in seawater tables at Friday Harbor Laboratories at ambient seawater temperatures and light/dark cycles, or in recirculating artificial seawater tanks at Georgia State University at 108C and a fixed 12 L : 12 D cycle.
(b) Isolated brain preparation Animals were anaesthetized by chilling and then pinned on their side in a Sylgard-lined dish. The integument was cut lateral to the oesophagus and the brain, consisting of the cerebral, pedal and pleural ganglia, was removed by cutting all nerve roots. Care was taken to leave the two pedalpedal commissures intact, as the brain does not exhibit swim motor pattern activity if these commissures are damaged ( Thompson & Watson 2005) . The brain was transferred to a smaller Sylgard-lined dish where it was superfused, at a rate of 0.5 ml min
K1
, with artificial saline (in mM): 420 NaCl, 10 KCl, 10 CaCl 2 , 50 MgCl 2 , 11 D-glucose and 10 HEPES, pH 7.6. Connective tissue surrounding the brain was manually removed with forceps, fine scissors and a tungsten wire while keeping the brain at approximately 48C to reduce neuronal firing. The temperature was raised to 108C for electrophysiological experiments.
(c) Electrophysiology Intracellular recordings were obtained using 10-30 MU glass microelectrodes filled with 3 M potassium chloride and connected to Axoclamp-2B (Axon Instruments, Union City, CA, USA) or Dagan IX2-700 (Dagan Corporation, Minneapolis, MN, USA) amplifiers. Electrodes were dipped in ink extruded from a black permanent marker (Sharpie, Sanford Corporation, Oak Brook, IL, USA) to make it easier to see the fine tip. Extracellular suction electrode recordings were obtained by drawing individual nerves into polyethylene tubing filled with saline and connected to an A-M Systems Differential AC Amplifier (model 1700, A-M Systems, Inc., Sequim, WA, USA). Both intracellular and extracellular recordings were digitized with a 1401 Plus or Micro 1401 A/D converter from Cambridge Electronic Design (CED, Cambridge, UK) and acquired with SPIKE2 software (CED). Nerve stimulation was performed with SPIKE2, via the 1401, or applied from an A-M Systems isolated pulse stimulator (model 2100) or a Grass Instruments S48 Square Pulse Stimulator (Grass Telefactor, Warwick, RI, USA). Pedal nerve 2 (PdN2; according to nerve nomenclature in Newcomb et al. 2006) was consistently used for nerve stimulation. The stimulation consisted of 10-20 V, 2 ms pulses at 2 Hz for 5 s. CeSP-A neurons, as well as swim interneurons 1 and 2 (Si1 and Si2), were identified based on soma location and electrophysiological properties, as previously characterized ( Thompson & Watson 2005; , and confirmed with dye fills and 5-HT immunohistochemistry. A fibre-optic light with rheostat-controlled intensity was used for illumination of the preparation.
Analysis of electrophysiological data was performed using SPIKE2 and SIGMAPLOT (Systat Software, Inc., Point Richmond, CA, USA). Unless otherwise noted, sample size (n) refers to preparations, not individual neurons. Statistical comparisons of means were made in INSTAT (GraphPad Software, San Diego, CA, USA) with repeated-measures ANOVAs and Dunnett's post hoc tests. Results were considered significantly different with p!0.05. Results are expressed as meanGs.e.
Serotonin (5-hydroxytryptamine creatinine sulphate) was dissolved in saline at final concentrations (1-100 mM) just before use. The serotonin receptor antagonist, methysergide, was dissolved in dimethyl sulphoxide at 10 mM and diluted to 1-200 mM in saline just before use. Drugs were bath applied by switching perfusion paths. All drugs were acquired from Sigma-Aldrich (St. Louis, MO, USA).
After physiological experiments, post hoc confirmation of neuron identity was obtained by dye injection and serotonin immunohistochemistry. For a detailed description of these methods, please see the electronic supplementary material.
3. RESULTS (a) CeSP-A neurons are not members of the swim CPG The CeSP-A neurons in Melibe did not display characteristics of swim CPG neurons such as swim interneurons 1 and 2. In 25 preparations where simultaneous intracellular recordings were made in a CeSP-A neuron and a swim interneuron, the CeSP-A neurons were never observed to fire rhythmic bursts of action potentials (figure 2a). Phase histograms indicated only weak correspondence between firing in CeSP-A neurons and swim interneurons during swim motor patterns ( figure 2b-d ) . Because the Melibe swim motor pattern alternates between activity in the left-and right-hand sides, one might expect that if the CeSP-A neurons were members of the swim CPG, then their activity relative to the ipsilateral swim interneurons would be 50 per cent out of phase with the activity relative to the contralateral swim interneurons. This was not the case; the correspondence between CeSP-A neurons and either ipsilateral or contralateral swim interneurons did not show complementary relationships (figure 2c,d ). By contrast, the firing of Si1 and Si2 was highly correlated with the swim motor pattern expressed in the contralateral swim interneurons (figure 2e; nZ2), as would be expected for a CPG neuron. These results suggest that the CeSP-A neurons are not members of the lateral flexion swim CPG in Melibe because they are not rhythmically active during the swim motor pattern.
(b) Both CeSP-A activity and 5-HT are sufficient to elicit the swim motor pattern The Melibe CeSP-A neurons were able to initiate a swim motor pattern. A depolarizing current pulse or a train of action potentials in one or more CeSP-A neurons was sufficient to elicit a swim motor pattern in 16 of 18 preparations at times when the swim motor pattern was not spontaneously expressed (figure 3a,b(i)). The CeSP-A-elicited swim motor pattern could continue for a long time following the end of the CeSP-A stimulus, with durations ranging from 3 s to 82 min (mean duration 214G122 s). Thus, although the CeSP-A neurons were not rhythmically active during the swim motor pattern, they could trigger the motor pattern.
To determine whether 5-HT is responsible for the ability of the CeSP-A neurons to elicit a swim motor pattern, we used the 5-HTantagonist methysergide, which is effective in Tritonia (McClellan et al. 1994; Katz & Frost 1995; Sakurai & Katz 2003) . Bath-applied methysergide (1-100 mM) did not prevent spontaneous swim motor patterns (nZ6), but blocked the ability of the CeSP-A neurons to trigger a swim motor pattern ( figure 3b; nZ6) , suggesting that the effect of the CeSP-A neurons is mediated by 5-HT. The effect of methysergide did not reverse during a 1 hour (nZ6) or 2 hour wash (nZ3) with saline, consistent with the results using methysergide in Tritonia (Katz & Frost 1995) .
Bath application of 5-HT (5-100 mM) itself elicited the swim motor pattern in quiescent preparations (i.e. preparations that did not exhibit swim motor activity for extended time periods) (figure 3c; nZ6). Swim interneurons displayed robust bursting that increased in regularity and frequency with continued exposure to 5-HT ( figure 3c(ii) ). The swim motor pattern evoked by 5-HT persisted for 30-60 min after the washout of 5-HT from the bath, at which point the swim interneuron ceased bursting ( figure 3c(iii) ). Thus, both CeSP-A stimulation and exogenous 5-HT application were sufficient to initiate the swim motor pattern in quiescent preparations.
(c) 5-HT modulates ongoing swim motor patterns To test whether methysergide blocked the ability of exogenous 5-HT to initiate the swim motor pattern, preparations would have to be reliably quiescent, not exhibiting the swim motor pattern activity for extended periods of time. While shorter periods of quiescence were common, allowing examination of the role of CeSP-A neurons and 5-HT in initiation of a swim motor pattern (figure 3), preparations did not exhibit extended periods of quiescence. Furthermore, since methysergide did not block spontaneous swim motor patterns, we could not determine whether methysergide blocked the initiation of motor patterns by 5-HT. Instead, we tested whether methysergide blocked the ability of exogenous 5-HT to modulate ongoing activity. Bath-applied 5-HT (1-10 mM) during an ongoing spontaneous swim motor pattern consistently caused a significant increase in the instantaneous burst frequency of the swim motor pattern (figure 4a,b; nZ8, p!0.01, F 2,14 Z12.47). Associated with the increase in burst frequency were a depolarization of the swim interneuron membrane potential (3.8G1.7 mV ) and a decrease in the amplitudes of the swim interneuron action potentials (12.0G1.4% of the baseline amplitude). Thus, 5-HT not only initiated the swim motor pattern, but also modulated the activity of interneurons during an ongoing swim motor pattern.
In the presence of methysergide (50-100 mM), bathapplied 5-HT (nZ3) depolarized swim interneuron membrane potential (6.0G0.6 mV ) and decreased spike amplitude (8.0G0.2 mV). However, 5-HT had no effect on burst frequency (figure 4c,d ; nZ3, pO0.05, F 2,4 Z0.62). Thus, 5-HT may act at multiple receptors and only the methysergide-sensitive receptors affect burst frequency.
In contrast to the effect of bath-applied 5-HT, activation of the CeSP-A neurons had no apparent effect on the ongoing swim motor pattern ( figure 4e, f ) . Depolarization of a single or even multiple CeSP-A neurons with the injection of constant current had no significant effect on bursting frequency (92.2G3.9% of baseline), burst duration (107.3G5.8% of baseline) or the number of spikes/burst (110.2G8.4% of baseline) (figure 4e; nZ6, pO0.05). Additional experiments stimulating one (nZ1), two (nZ2) or three (nZ1) CeSP-A neurons with trains of brief current pulses to control spike frequency (20 ms pulses at 10 Hz) also had no significant effect on these bursting parameters (bursting frequencyZ 102.7G2.8% of baseline, burst durationZ81.3G10.0% of baseline and spikes/burstZ95.6G5.1% of baseline; figure 4f ; nZ4, pO0.05). Thus, the CeSP-A activity was not sufficient to increase the burst frequency of the ongoing swim motor pattern although it could elicit bursting in quiescent preparations (figure 3a,b).
(d) Spontaneous CeSP-A firing plays a role in maintaining the swim motor pattern Hyperpolarization of a CeSP-A neuron caused an ongoing swim motor pattern to cease within approximately 20 s (figure 5a). The swim motor pattern resumed upon release of the CeSP-A neuron from hyperpolarization. This was consistent across preparations, with a significant decrease in the number of swim interneuron bursts in the 40 s following the cessation of spiking in a CeSP-A neuron (figure 5b; nZ7, p!0.05, F 2,12 Z4.79). This suggests that the CeSP-A neurons may play a role in maintaining the swim motor pattern.
In the presence of methysergide (50-100 mM), hyperpolarization of a CeSP-A neuron no longer interrupted the ongoing swim motor pattern (figure 5c,d; nZ3, pO0.05, F 2,4 Z0.62). Therefore, the ability of hyperpolarization to interrupt the swim motor pattern depends upon 5-HT, but paradoxically (as noted before), spontaneously released 5-HT was not necessary for the production of the swim motor pattern because methysergide did not block spontaneous swim motor patterns.
(e) CeSP-A neurons are not necessary to elicit a swim motor pattern There are additional conditions that initiated the swim motor pattern but did not involve the CeSP-A neurons. First, in 23 of 24 preparations that exhibited spontaneous initiation of a swim motor pattern, the firing rate of the recorded CeSP-A neurons decreased at the onset of the spontaneous swim motor pattern (figure 6a). Second, stimulation of pedal nerve two elicited a swim motor pattern , but consistently caused the recorded CeSP-A neurons to stop firing for 10-20 s ( figure 6b; nZ6) . Presumably, the behaviour of the randomly selected CeSP-A neurons is reflective of the activity of the other five CeSP-A neurons that were not recorded. The eyes of Melibe are located directly on the brain and, as previously reported, turning off the light elicits a swim motor pattern ( Watson et al. 2001; Newcomb et al. 2004) . In this study, we found that decreasing the ambient illumination elicited a swim motor pattern in all 19 preparations tested and transiently reduced CeSP-A firing frequency in 15 of those 19 preparations (figure 6c). This again suggests that the CeSP-A activity was not necessary for initiation of the motor pattern. Furthermore, when an ongoing swim motor pattern was halted by hyperpolarization of a CeSP-A neuron, the swim motor pattern could be restarted by turning off the light despite the continued hyperpolarization of the CeSP-A neuron ( figure 6d; nZ4) .
Finally, in three preparations, where hyperpolarization of one or more CeSP-A neurons halted the swim motor pattern, the pattern spontaneously resumed despite the continued hyperpolarization of the CeSP-A neurons (figure 6e). Together, these results indicate that the CeSP-A neurons are not necessary to initiate a swim motor pattern.
DISCUSSION
In this study, we found that the function of homologous neurons differs between two nudibranch species exhibiting different forms of locomotion. It was previously shown that in Tritonia, the DSIs are intrinsic to the dorsal-ventral flexion swim CPG . By contrast, the CeSP-A neurons in Melibe, which are homologous to the DSIs , are not members of the lateral flexion swim CPG. The CeSP-A neurons do not show rhythmic bursting typical of a CPG neuron. Thus, homologous neurons are intrinsic to the swim CPG in one species, but are extrinsic to the swim CPG in a closely related species. It is not known whether there are homologues of all of the components of the Tritonia swim CPG in Melibe or whether the Melibe swim CPG components have homologues in Tritonia. Nevertheless, from this study, it can be concluded that over the course of evolution, the cellular composition of CPG circuits has varied. In the presence of methysergide, 5-HT did not significantly affect burst frequency (striped bar, pO0.05, nZ3). (e) Depolarization of two CeSP-A neurons with a square-pulse current injection had no effect on the ongoing swim motor pattern recorded in Si1. ( f ) A train of action potentials at 10 Hz in two CeSP-A neurons had no effect on the ongoing swim motor pattern.
The differences in the function of the homologous neurons have implications for the roles of the neurotransmitter used by the neurons. In Tritonia, the DSIs and their neurotransmitter 5-HT are necessary to elicit and maintain the swim motor pattern McClellan et al. 1994; Fickbohm & Katz 2000) . If the DSIs are hyperpolarized, the swim motor pattern cannot be triggered (Getting & Dekin 1985) . Consistent with the necessity of the DSIs, the serotonin receptor antagonist methysergide prevents the production of the swim motor pattern in the isolated brain and prevents the animal from swimming when injected into the animal The rapid activity seen during the hyperpolarizing current pulse was due to spontaneous excitatory post-synaptic nerve potentials (EPSPs) in the CeSP-A neuron (inset shows time expansion of the release from hyperpolarization). Because current was injected through a single electrode, the voltage recording does not accurately reflect the membrane potential during the current pulse. The size, shape, frequency and electrophysiological characteristics of these depolarizations suggest that they are EPSPs rather than electrotonically conveyed axonal spikes. ( McClellan et al. 1994) . By contrast, in Melibe, neither the CeSP-A neurons nor their neurotransmitter 5-HT are necessary for the initiation of the swim motor pattern. Unlike in Tritonia, the swim motor pattern in Melibe could be elicited in the presence of the serotonin receptor antagonist methysergide. Furthermore, stimuli that elicited the swim motor pattern, such as pedal nerve stimulation or decreasing the ambient illumination, silenced the CeSP-A neurons, thereby excluding them from a role in initiating the motor pattern. Thus, the function of the neurotransmitter differs in the two species; in one, 5-HT is necessary for producing swimming and in the other it is not necessary. This seems to derive from the functional position of the neurons that release this neurotransmitter; in Tritonia the serotonergic neurons are intrinsic components of the swim CPG, whereas in Melibe, the homologous serotonergic neurons are extrinsic to the swim CPG and not necessary for the behaviour. Some of the differences in the functions of the neurons can be attributed to differences in the behaviours of the two species. The swimming behaviour in Tritonia is shorter in duration and occurs less frequently than in Melibe, which can swim in response to many different stimuli and for long periods of time. Therefore, interrupting the swim motor pattern by hyperpolarizing the DSIs in Tritonia for the normal duration of the swim can permanently halt it, whereas hyperpolarizing the CeSP-A neurons in Melibe only momentarily halts the swim motor pattern, which can spontaneously restart or be restarted by other stimuli. Thus, there may be differences in other components of the neural circuitry for swimming that account for these differences in the functions of homologous neurons.
Despite these differences, one function of these homologous neurons is similar: their activity or application of their neurotransmitter, 5-HT, was sufficient to initiate a rhythmic swim motor pattern. In Tritonia, tonic firing of the DSIs can initiate and maintain rhythmic activity in the other CPG neurons ( Fickbohm & Katz 2000; Katz et al. 2004 ) and bath application of 5-HT also initiates rhythmic activity (McClellan et al. 1994) . We found that this was also true of the CeSP-A neurons and 5-HT in Melibe.
Even though there is a similarity in initiation of the motor pattern, there are differences in motor pattern maintenance; in Tritonia, after the termination of imposed DSI activity, the motor pattern abruptly ceases, whereas in Melibe, brief activity of a CeSP-A neuron can trigger prolonged rhythmic activity. Even in the continued presence of bath-applied serotonin, the motor pattern in Tritonia is of limited duration (McClellan et al. 1994) , whereas in Melibe, the motor pattern produced by bath application of 5-HT continues for a long time even after the 5-HT has been washed from the bath. Thus, although the serotonergic neurons are sufficient to elicit the motor pattern in both species, there is a distinction in that the motor pattern is triggered by the CeSP-A neurons in Melibe, whereas it is gated by the DSIs in Tritonia.
Gating interneurons, such as those described in the leech (Brodfuehrer & Friesen 1986; Nusbaum & Kristan 1986 ), need to be active throughout the course of the motor pattern, whereas trigger neurons, as their name suggests, are transiently active to initiate the motor pattern. In the Tritonia swim system, neuron Tr1 fulfils the role of a trigger neuron ( Frost et al. 2001) , whereas DSI serves the role of a gating neuron within the swim CPG because hyperpolarizing this neuron will halt the swim motor pattern (Getting & Dekin 1985) and tonic spiking in these neurons is sufficient to maintain rhythmic activity ( Fickbohm & Katz 2000; Katz et al. 2004) . However, the dorsal ramp interneuron, which provides excitatory drive to DSI, better qualifies as a gating neuron because it is external to the CPG ( Frost & Katz 1996) .
There are six CeSP-A neurons in Melibe ), but prolonged hyperpolarization of just a single CeSP-A neuron was sufficient to halt an ongoing swim motor pattern in Melibe. The robustness of this effect is striking because the CeSP-A neurons are not necessary for the initiation of the swim motor pattern. The cessation of swimming caused by hyperpolarization of a CeSP-A neuron could be caused by a loss of serotonergic neuromodulatory tone, i.e. a change in the relative amount of 5-HT. If this were the case, it may be possible for the circuit to adjust to new serotonin levels and reinitiate (figure 6e), suggesting that the system may undergo short-term neuromodulatory adaptation, similar to the long-term changes seen when neuromodulatory inputs are removed from the crustacean stomatogastric ganglion (Thoby-Brisson & Simmers 1998 . This may explain the spontaneous restart of the swim motor pattern with the continued hyperpolarization of a CeSP-A neuron (figure 6e).
Unlike hyperpolarization, prolonged depolarization of CeSP-A neurons during an ongoing swim motor pattern in Melibe had no significant effect on burst frequency or other parameters of the swim motor pattern. By contrast, bath-applied 5-HT did increase the burst frequency of the swim motor pattern. However, this effect may not be physiologically relevant, as the duration and amplitude of lateral flexions in freely swimming Melibe do not vary (Lawrence & Watson 2002) . Therefore, the CeSP-A neurons may be more important for contributing to a serotonergic tone that influences the likelihood of swimming than for affecting other parameters of the swim behaviour such as periodicity or speed. A similar role for serotonin as a gain setter for the initiation of specific behaviours has been postulated in other animals (Ma et al. 1992; Yeoman et al. 1994; Kravitz 2000; Straub & Benjamin 2001) .
The results from this study show that even though homologous neurons can be identified in closely related species, their functions can differ, enabling the evolution of species-specific behaviour. This has importance for extrapolating the results obtained in one species to other closely related species that exhibit different behaviours. Homology, even at the level of a single neuron, does not confer similarity of function.
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